Objective: To investigate the impact of subclinical synovitis detected by ultrasonography (US) on the ankles and feet of patients with rheumatoid arthritis.
| INTRODUCTION
Rheumatoid arthritis (RA) is an inflammatory disease characterized by chronic systemic arthritis that leads to joint destructin and reduced quality of life (QoL). It is now well established that appropriate use of disease-modifying anti-rheumatic drugs (DMARDs) can bring about clinical remission, and improve the radiological and functional prognosis of patients. One of the most important processes that could guide the treatment of RA is evaluation of disease activity by using composite measures such as the Disease Activity Score in 28 joints (DAS28) 1 and the Simplified Disease Activity Index (SDAI). 2 However, these composite measures sometimes show a poor performance in detecting foot and ankle synovitis, as they do not include a direct assessment of those joints. 3 Accurate assessment of foot synovitis is essential in routine practice, because many patients develop foot synovitis as an initial site of involvement in early RA, and residual foot synovitis of patients in remission predicts relapse and worse physical function. 4 However, few studies focusing on foot synovitis have been reported.
This study aimed to investigate the frequency and impact of synovitis, detected by ultrasonography (US), in the ankles and feet in patients with RA.
| PATIENTS AND METHODS
We retrospectively reviewed the data of consecutive patients who Quality of Life 5 Dimensions (EQ-5D-5L) were retrieved from the patient charts. The response from EQ-5D-5L was converted to QoL score using Japanese value sets. 6 Each patient was evaluated and managed by 1 of 6 trained rheumatologists certified by the Japan
College of Rheumatology with more than 10 years experience. The 34 joints evaluated by US using longitudinal and transverse scans included wrists, metacarpophalangeals, proximal interphalangeals, ankles (tibio-talar, mediotarsal subtalar and midfoot joints), and metatarsophalangeals according to the EULAR guidelines for musculoskeletal US in rheumatology. 7 The US examination was performed by one of three ultrasonographers (YI, TT, or KS) using a Noblus (Hitachi Medical Corporation, Tokyo, Japan)
instrument. The findings of tenosynovitis were integrated into the findings of the closest joint. The US examination was performed using the Noblus (Hitachi Medical Corporation) instrument. Ultrasonographers were blinded to clinical findings. We adopted a US scoring system for gray scale (GS) and power Doppler (PD) score according to EULAR-OMERACT (Outcome Measures in Rheumatology) US grades (0 = absent, 1 = mild, 2 = moderate and grade 3 = marked). 8 Positive US findings were defined as GS score ≥2 and/or PD score ≥1 in reference to previous reports. 
| RESULTS

| Patient characteristics, and detection of feet and ankle synovitis
In total, 59 patients were included in the analysis. Table 1 shows the characteristics of the patients; their mean age was 58.8 ± 11.6 years, the mean disease duration was 6.9 ± 8.1 years, and 85% of them were female.
We divided the patients into three groups according to the presence of swollen joints in their ankles and feet by physical examination, and according to synovitis detected by US. Synovitis in the feet and ankles was detected in 19 (32%) patients by both physical examination and US (clinical synovitis group). The remaining 40 (68%) patients showed no synovitis in the feet and ankles on physical examinations; however, 24 of them were found to have synovitis on US (subclinical synovitis group), while the remaining 16 patients showed no synovitis on US (no synovitis group). Regarding the assessment of fingers and wrists as a reference, among 25 patients who showed no synovitis in fingers and wrists on physical examinations, 9 patients showed synovitis on US, suggesting that the assessment of foot and ankle synovitis was more difficult than that of finger and wrist synovitis (Table S1 ). Table 1 also shows the comparison among the three groups.
Patients in the clinical synovitis group had a significantly higher disease activity than those in the subclinical synovitis and no synovitis groups. Although significant difference was also found in the disease activity by various composite measures between the subclinical synovitis and no synovitis groups, the difference was not so large. We showed distribution of synovitis by both physical examination and US in the Figure S1 .
| Impact of subclinical synovitis in feet and ankles on physical functions and QoL
We examined the impact of subclinical synovitis in ankles and feet on functional status, assessed by HAQ-DI, and QoL by EQ-5D-5L.
Compared to patients without synovitis, those in the subclinical group showed more functional disability in almost all daily activities, especially in those related to hygiene and reaching ( Figure 1A ). Evaluation with EQ-5D-5L showed a significant difference in self-care, usual activities, and pain/discomfort between the subclinical synovitis group and the no synovitis group, suggesting that the QoL of patients in the subclinical group was significantly impaired ( Figure 1B ).
| Discrepancy between physician and patient
VAS scores
We focused on the VAS scores of physician's global assessment, 
| DISCUSSION
Our study showed that subclinical foot synovitis, detected by US, significantly impaired the functional status and QoL of patients, which was well reflected in their global and pain assessments, HAQ-DI and EQ-5D-5L; however, physicians might not notice such impacts.
Foot synovitis is an area that has attracted attention in the management of RA. The ability of disease activity composite measures that evaluate 28 joints to capture foot joints has been reported to be poor, and approximately a third of patients in remission by those composite measures had foot synovitis. 3 However, foot synovitis is associated with unstable remission status, worse function, and radiographic progression; therefore, a possibility of foot synovitis and the above findings should be considered in the strategy of treatment for RA. 4 Our study shows that detection of feet and ankle synovitis by physical examination were more difficult than that of finger and hand synovitis; this could lead to the underestimation of disease activity, and subclinical synovitis of feet and ankles can lead to impaired daily life function.
In our study, US proved useful to identify synovitis in feet and ankles that were not detected by physical examinations. Many studies have shown the usefulness of US to detect subclinical synovitis, [11] [12] [13] which could be relevant to the risk of subsequent structural deterioration. 14 However, regularly performing a routine ultrasonography is not feasible in a real clinical situation owing to the extensive time and effort involved, and the likely concern of interobserver variability between ultrasonographers. 12 As observed in the current study, patient-reported outcomes such as patient global assessment, patient pain VAS, HAQ-DI, and EQ-5D-5L
reflected the presence of synovitis in feet and ankles, which was not reflected by physician global assessment. Patient global and pain assessments may be the first easily accessible clue in clinical walking, reaching and arising, which places different stresses on ankles and feet.
Our study has some limitations. First, this was a retrospective study with a small sample size. Hence, possible confounders such as comorbidities and cultural backgrounds of the patients could have affected the results. 18 Second, although the foot synovitis detected by physical examination was proven to relate to poor joint prognosis in previous reports, we did not examine the influence of the subclinical synovitis detected by US on futuristic joint destruction in this study. This should be further examined in future studies. Third, the US examination was performed by one of three ultrasonographers who were blinded to clinical findings but not to laboratory data, and we did not calculate their interobserver and intraobserver correlations. These might have led to a bias to US findings.
In conclusion, our study showed that subclinical foot and ankle synovitis, detected by US, considerably affected the functional status and QoL of patients, but tended to go unnoticed by physicians.
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